Turning is the utmost elementary process among several CNC machine tool operations which is a versatile, efficient and widely used in industries including mechanical, aerospace and automotive sectors. Most frequently the manufacturing industries face the problem of cutting down the production cost without any oblation in the quality of products. Selection of process parameter is essential for assuring a quality product. Convenient choice of the cutting conditions, parameters and tools for the maximum Material removal rate (MRR) and surface finish needs a sophisticated approach adopting mathematical and statistical models as well as experimental method. Taguchi's method is a very compelling tool to optimize the process variables. The intention of the present study is to determine surface roughness (Ra) and MRR which are key responses to justify the quality of turning operation. Four process parameters have been selected viz. Nose radius (NR), depth of cut (DOC), feed rate (FR) and spindle speed or cutting speed (CS) that influences these responses. During machining operations, the influence of the process parameters and their interaction have been analyzed using a statistical tool ANOVA. Aluminum alloy is widely acceptable by industries owing to its good strength to weight ratio, high resistance to corrosion, malleability and excellent resistance during elevated temperatures.
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Introduction
Turning process is a machining practice where the cutting tool is a tool bit which does not rotate and illustrates path of the tool which is helical by displacing linearly and the work piece spins. The tool moves literally in a straight path, sometimes along different curves and angles, but in most cases they travel in linear path. Turning can be external as well as internal. Internal turning process is also called as boring operation, where the tool moves internally at the workpiece (generation of holes, internal threads etc.). In the same way when the turning tool cuts the face of a workpiece where the tool is kept in a perpendicular position with the workpiece it is termed as facing operation. In a traditional lathe machine turning is carried out manually, and frequently demands steady surveillance of operator, or using CNC lathe machine which, in which the process is automated. CNC is an automation known as computer numerical control (besides turning, CNC can be used for wide range of other form of machining operations).
In turning process, the workpiece which is a rigid material spins and cutting tool travels across all three axes of motion and produces defined depths and diameters. For lathes of earlier times it was quite difficult to produce complex shapes and structures; although since the introduction of CNC it has become easier to produce different complex geometries since CNC uses computerized tool-path.
Taguchi's method is an efficient statistical design tool to design the experiments with minimal variance. It is dependent on the orthogonal array (OA) of number of experiments which allows organizing the control parameters optimally. OA yields a number of unbiased experimental setting (i.e. number of experiments are less). In Taguchi's approach some logarithmic function of the required output is used termed as Signal to Noise Ratio (S/N ratio) which performs as an intent function in the process of optimization. Taguchi's method aids in the determination of optimum results and data analysis. To estimate process parameters optimally, Taguchi's method adopts S/N ratio which is a ratio of mean aka signal to the standard deviation aka noise. This S/N ratio is controlled by the process quality description or the products which have to be improved. Generally, the following standard S/N ratios are used: Higher-the-Better (HB), Nominal-is-Best (NB) and Lower-the-Better (LB). S/N ratio considers the mean as well as the variability. Taguchi's robust design approach has been adopted by many US and UK based companies over the years because of the fact that it is an effort for improving design robustness and product quality. Taguchi's robust design approach allows an improvement of quality of products by decreasing the influence of deviation without discarding the causes. Taguchi's method uses orthogonal array to design the experiments. There are several commonly used orthogonal array tabulated as below. Table 1  L4 Orthogonal array  Factors  Run  A  B  C  1  1  1  1  2  1  2  2  3  2  1  2  4 2 2 1 The column of OA represents the factor and its corresponding levels and each row of OA represents the experimental run which is conducted at a given setting of the factors. The independency of selecting levels of each factor is totally up to the experimenters however most frequently two or three levels of the factors are selected.
Analysis of Variance (ANOVA) is a statistical approach for developing impetus comparisons between two or more means; the yield results using this method can be tested to predict whenever powerful symbolic correlation exists between the variables. ANOVA is an assemblage of statistical models and their combined measure where the inspected variance of a special variable is divided into components imputable to various provenances of variation. ANOVA is efficacious in confrontation of two, three or more means.
Review of literature
The controllable process parameters that influence a turning operation considered in this current work are NR, DOC, FR and CS. Their influences on the two responses viz. removal rate of material and roughness of the surface have been studied. MRR and Ra in turning are affected by various factors. Some of these factors are use of cutting fluids, chatter, work piece setup, stability of machine tool, cutting edge angles of the tool, NR, cutting time, DOC, CS, unstable built-up edge, material hardness, material characteristics, feed rate, etc. Roy et al. (2017) selected Taguchi's L27 approach for three turning variables viz. CS, FR and DOC and optimized the parameters for MRR and Ra on a CNC lathe machine. In this work they used SAE 1024 material and a carbide cutting tool. They observed the MRR and Ra and developed the succession of optimum cutting parameters. Kuramand Ozcelik (2015) used Taguchi's experimental design approach to find the effects of CS, FR and DOC on machining output namely cutting forces (CF), Ra and wear of the tool in micro-milling of Ti6Al4V an aerospace material (titanium and nickel based super-alloy). Investigation of micro milling output parameters were accomplished by using ANOVA method. They proposed a regression approach that identifies the relation connecting input parameters and output responses where experimental data were fed into the model for the prediction of output responses which eliminates the requirement of experimental setup. And at last they determined the efficiency of regression model using correlation coefficient; predicted and experimental data was compared. Zerti et al. (2017) performed an experimental optimization study of CNC dry turning of AISI D3 steel selecting Taguchi's method. DOC, FR, CS, NR and major cutting edge angle were selected as input parameters. They used a Taguchi's approach to intend the optimization investigations. They used ANOVA to obtain the foremost influence on output parameters viz. Cutting power and Ra. Sahoo et al. (2017) selected response surface methodology (RSM) to design an experiment of DOC, FR and CS on aluminum alloy 63400 for optimizing variation of tool and Ra. Workpieces were machined by using carbide tool in dry environment. Analysis was executed by using ANOVA method and process parameters were optimized by WPCA method. Said et al. (2016) predicted the optimal machining parameters viz. FR, DOC and CS adopting Taguchi's method on aluminum silicon alloy AlSi. They imposed ANOVA to find out the characteristic performance of the process parameters in measuring the tool life during milling operations. They concluded by developing an arrangement of optimum CS, FR and DOC for longer life of the tool. Mia and Dhar (2016) studied the impacts of high temperature coolant jet and material hardness on wear of the tool, cutting temperature and Ra by adopting Taguchi's method over a dry turning of three types of hardness steel viz. 56 HRC, 48 HRC and 40 HRC. Taguchi's optimization 'smaller the better' was applied as optimization principle and they applied ANOVA to find out the impacts of factors controlling the process. Their study showed that high-pressure coolant jet is flourishing in tumbling wear of the tool, Ra and cutting temperature.
Cicek et al. (2015) investigated the parameters of drilling on surface and hole and cryogenic treatments in dry drilling of AISI 304 stainless steel. They determined the control parameters viz. speed of the spindle and feed rate to provide better smoothness of the surface and roundness error by using Taguchi's method. Then RSM was applied to find the optimum roundness error and surface roughness as a function of heat treatments and parameters of drilling implemented to the drilling experiments. Gupta and Kumar (2015) investigated a turning process of unidirectional glass fibre reinforced plastic (UD-GFRP) composite. The machinability of the turning process was analyzed, where they used Taguchi's approach for designing the experiments. They selected various variables like DOC, cutting environment (cooled, wet and dry), CS, NR, tool cutting edge angles, FR and tool rake angle to analyze their influence on output responses. They modelled the two response variables i.e. removal rate of materials and roughness of the surface by selecting principal component analysis (PCA). Lin et al. (2015) optimized multiple quality characteristics viz material removal rate, overcut and electrode depletion for achieving an improved surface roughness excellence of a Ti-6Al-4V alloy using micro electrical discharge machining. Selvaraj el al. (2014) performed an investigation on dry turning of two diverse orders of duplex stainless steel having nitrogen alloys in it by selecting Taguchi's method to improve the turning variables with the application of ANOVA and signal to noise ratio. They concluded cutting speed as the most influencing parameters in response to tool wear. Chandramouli et al. (2014) examined the influence of most favourable process parameters (current, pulse off time and pulse on time) of Electric Discharge Machining on RENE80 nickel super alloy material on roughness of the surface, wear of the tool and removal rate of the material. Taguchi's technique was adopted to propose the experimentations and ANOVA was applied for the analysis of input process variables and to obtain the most influencing parameters. Jayaraman (2014) optimized turning parameters on AA6063 T6 aluminum alloy with multiple responses viz. surface roughness, material roundness; based on Taguchi's technique and Gray rational analysis. Lodhi and Agarwal (2014) optimized the machining condition for surface roughness on WEDM (wire electric discharge machining) of AISI D3 steel adopting Taguchi's approach. ANOVA was implemented to predict the significant influences of machining variables on Ra. Asiltürk and Neşeli (2012) performed a turning operation of AISI 304 stainless steel with CNC machine to determine the improved conditions for cutting and roughness of the surface as well as proposing a mathematical correlation with the usage of response surface methodology (RSM). The capability of that correlation was confirmed by performing ANOVA approach. Krishnakant et al. (2012) optimized the MRR on a CNC turning of EN24 steel taking into account of the turning variables like FR, DOC and CS. The experiment was intended adopting Taguchi's method; S/N ratio-larger the better was adopted for the analyze purpose; S/N ratio was calculated using Minitab software.
Alihan et al. (2010) conducted a multi-response improvement for turning variables viz. consumption of power, Ra, NR, FR, DOC and CS adopting Taguchi's technique. Gray relation grade was obtained from S/N ratio. Based on those values ANOVA was implemented to predict the most significant variables for Ra as well as power consumption on a CNC turning operation. Günay and Yücel (2013) tried to concentrate on the cutting condition of the alloy named as white cast iron which was obtained at 62HRC and 50HRC hardness level for improving the average surface roughness by adopting Taguchi's approach for experimentation. CNC lathe used for machining, using cubic boron nitride and ceramic as a cutting tool. S/N ratio was used for best possible cutting state. Asilturk et al. (2012) conducted a statistical approach of Taguchi's technique to optimize roughness on a CNC turning. Surface roughness was examined using RSM (response surface methodology) for various cutting variables such as CS, FR and DOC. Suitability of proposed mathematical correlation was confirmed by analysis of variance method. Kıvak et al. (2014) performed an evaluation of Hadfield steel using L18 Taguchi method and regression analysis while the impact of machining variables on the Ra as well as flank wear were disclosed by ANOVA. Linear and quadratic regression analysis has been used which shows the predicted value and measured value were almost close to each other. The study of Verma et al. (2012) show that maximizing the production and quality of the machined parts had a greater impact on metal based industry where cutting speed plays a significant role in producing lower surface finish. Afflicted with lowest surface roughness and for picking up the optimum cutting condition he has used the Taguchi method with conducting 9 experiments.
The analysis of Sarikaya et al. (2014) show as the evaluation of surface roughness is very strenuous so various amalgamation of cutting condition are developed to estimate the turning parameters. Cooling condition which is a distinctive parameter has chosen alongside of CS, DOC and FR for evaluation of mean maximum height (Rz) and mean roughness (Ra) while machining AISI 1050 steel. Mathematical model has developed under Taguchi's approach for formulating input machining variables using ANOVA which gives importance of Ra and Rz through response surface methodology. Camposeco-Negrete et al. (2013) came out with realistic approach i.e. machine tools has a greater impact on environment in terms of energy consumption which has to be optimized. A distinctive approach has made for selecting the response variable over the cutting parameters e.g. CS, FR and DOC for optimization of consumption of energy. A technique employed for minimizing the consumption of energy in contrast with FR which results higher the FR, lower the consumption of energy but accelerates to higher roughness of the material surface. Hamdan et al. (2012) performed an experimental investigation on CNC turning of stainless steel. From their study they concluded that based on the cutting tool material the surface roughness fluctuates. A coated carbide tool used for the machining of stainless steel which will provide a lower surface roughness and the cutting performance will enhance. A mathematical model of Taguchi L9 has adopted for optimization compiled with S/N ratio response and analysis of variance which will figure out the impedance coming on the way for optimization according to cutting force and surface roughness. Kant and Sangwan (2014) used statistical approach on sustainability over environment is a major issue for all the industries. However for fulfilling the customer demand the surface finish to be enhancing which implies a greater consumption of energy. A statistical approach made to diminish the roughness of the surface and consumption of power i.e. individual part manufacturing which uses GRA (grey relational analysis) compiled with response surface methodology (RSM) and principal component analysis and for analysis ANOVA has been proposed. A new analysis coming into picture that considering the idle cutting time the power consumption will minimize up to some extend which states the reduction of peak load will decreases the power consumption. Rao et al. (2013) reported that how the cutting variables like DOC, FR and CS had relevance over Ra and CF while machining a work piece material of AISI 1050 steel with a ceramic tool named Al2O3+TiC matrix. A systematic approach of Taguchi (L27) was used to perform the experiment on a CNC lathe which shows a greater impact of feed rate over the surface roughness. Elbah et al. (2013) checked the surface roughness using two different methods i.e. by taking unconventional method of inserting wiper with conventional inserts. However it implies a great result of surface quality over the conventional ceramic insert using a Taguchi (L27) orthogonal array for experimentation. Sreenivasulu et al. (2013) focused on end milling of a material named glass fibre reinforced polymeric composite to see the effect cutting variables like CS, FR and DOC over quality check of the surface and delaminating damage. They concluded with an experimental approach that CS and DOC gives a marginal difference over surface quality by a Taguchi design. Selvaraj et al. (2010) stated from the past few decades the industries are showing enormous interest towards the stainless steel as it has an excellent corrosion resistance. AISI 304 Austenitic steel has chosen for the dry turning to see the consequences on the cutting variables such as CS, FR and DOC over the quality of surface. Taguchi technique has been employed for experimentation along with the S/N ratio and ANOVA for analyzing the effectiveness however the machine tool of tungsten carbide used where a coating of TiC and TiCN applied.
These studies make obvious that Taguchi's approach provide an excellent choice for identifying the optimal roughness of surface at a specific arrangement of cutting variables in a CNC turning operation.
Problem Description
This current study represents the experimental study of optimization of various CNC turning parameters and their effects on MRR and surface roughness. Experiments are designed using Taguchi's L9 orthogonal array and statistical analysis is performed using analysis of variance approach.
Objectives and Methodology
1. Predicting the various influence of various CNC turning parameters on roughness of the surface and removal rate of material. 2. Performing Taguchi's method and ANOVA on multiple responses to determine the optimum parameters and most influencing parameters.
The methodology adopted for the proposed work is as follows 1. Initial study to determine various controllable and uncontrollable parameters, 2. Selection of work material based on literature, 3. Selection of parameters, responses and their levels, 4. Selection of experimental layout using Taguchi' method, 5. Conduction of experiment, 6. Measurements of responses using standard equipment, 7. Analysis of data using statistical tool.
Assortment of turning parameters and their levels
From the literature survey various parameters which influence on surface quality and production rate are determined, those parameters are controllable and uncontrollable parameters, from which more influencing parameters are selected.
1. Cutting speed or speed of the spindle (CS) in rpm, 2. Feed rate (FR) in mm/min, 3. Depth of cut (DOC) in mm, 4. Nose radius (NR) in mm. Machinery and Accessories under consideration are as 1. In this study, a Carbide cutting tool having four flutes is selected for turning. 2. Aluminum 6351-T6 is the working material, it is precipitation hardening aluminum alloy, with silicon, magnesium, manganese and zinc as its foremost elements.
Design of the Experiments
Taguchi's L9 Orthogonal array has been adopted for designing the experiments.
1. Number of parameters = 4 2. Number of levels for each parameter= 3 3. Total degree of freedom (DOF) for three parameters = 4×(3-1) =8
Hence, minimum number of experiments = total DOF for the parameters +1 Minimum number of experiments = 8+1 = 9 Table 4 shows the assignment table of L9 orthogonal array adopted in this present study. 
Experimental procedure
Based on above L9 array, nine experiments were conducted on Aluminum 6351-T6 Alloy, Cylindrical rod of length 100mm and diameter 24mm on which the operation is done with selected parametric values, by using CNC turning using a carbide tool as illustrated in Fig. 1 . Table 5 represents the combined measured response of Ra and MRR after the experimentation. In this study Ra was determined by mitutoyo surftest instrument and the Material Removal Rate (MRR) was determined by a mathematical equation, represented as: The lower the better S/N ratio was selected for Ra and was calculated using the mathematical equation,
Here, n=Number of experiments Yi= Ra
The higher the better S/N ratio was selected for MRR and was calculated using the following mathematical equation 
Result Analysis
In this study, ANOVA is used to predict the most influencing parameter on the responses, with an optimal arrangement of levels. From ANOVA, nose radius is found to be the most influencing parameter on response Ra, which is then trailed by DOC, FR and CS and also the finest arrangement of factor, is found as follows.
ANOVA Calculation
The depicted Table 7 shows ANOVA results of Ra for experiment and the Fig. 2 give optimum parameter combination. The outcome is inspected with ANOVA to recognize the significant variables, which affects MRR and Ra. The outcome of ANOVA is displayed in Table 7 and Table 8 . The main effect of Nose Radius (the most significant parameter), depth of cut and feed rate are important for roughness of the material surface as shown in Fig. 3 . DOC, FR and CS are significant parameters for MRR. The Nose Radius (65.10%), followed by feed (31.59%) and Depth of Cut (2.86%) is contributing to roughness of material surface, whereas DOC (80.90%), followed by Feed (9.58%) and Spindle Speed (9.48%) is contributing to Material Removal Rate. Based on ANOVA table, the optimal machining parameters for Al 6351-T6. 
For Material removal rate (MRR)

Conclusions and Future Scope
The parametric study of CNC turning process on aluminum alloy 6351-T6 using CNC turning machine was successfully undertaken. Based on initial study, L9 orthogonal array experiment plan was designed by considering NR, DOC, FR and CS as main parameters while removal rate of material and surface roughness as responses. Then based on the result of L9 orthogonal array experimentation. From the outcome obtained from the experiment, following conclusions are reached: 1. From initial investigation for L9 array experiment, by ANOVA nose radius was found to be the most influencing parameter on roughness of the material surface and then it is trailed by feed rate and depth of cut. 2. Also, for removal rate of material; depth of cut is the most affecting parameter. 3. Finally, it is concluded that, the minimum Nose radius, feed rate and depth of cut with higher spindle speed will provide optimum surface quality and minimum depth of cut and higher speed of the spindle and feed rate leads to higher productivity.
Scope for Future study
The study is focussed on applicability of CNC turning machine to perform operation on Aluminum Alloy 6351-T6 Material, which is having various advantages and applications. The study has resulted in arriving at factor level combinations corresponding to minimum value of roughness of the surface and maximum value of material removal rate. The study may be extended as follows:
